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WE CLAIM: 

1 . A method for operating a hybrid brake apparatus having a front 
hydraulically actuated brake circuit including a master cylinder for providing pressurized 

5 fluid to the front brake circuit in response to an input applied to the master cylinder to 
apply a frictional front braking force, and a rear electrically actuated brake circuit 
controllable in response to the input applied to the master cylinder to provide a frictional 
rear braking force, the method comprising: 

controlling the rear brake circuit in accordance with a first predetermined 
10 relationship between the input and rear braking force during normal operation of the front 
brake circuit; 

detecting a degradation of front braking force; and 
controlling the rear brake circuit in accordance with a second 
predetermined relationship between the input and the rear braking force, to thereby 
15 compensate for the degradation of front braking force. 

2. The method of claim 1, further comprising selectively controlling the rear 
brake circuit independently from the input. 

20 3. The method of claim 1 , wherein the second predetermined relationship 

increases braking force applied by the rear brake circuit in response to the input. 

4. The method of claim 1 wherein the hybrid brake apparatus further 
includes a brake pedal operatively attached the master cylinder for providing the input 
25 through application of a pedal force and pedal travel to the brake pedal, and the second 
predetermined relationship between the input and rear braking force includes 
compensation for changes in pedal force and pedal travel resulting from the degradation 
of front braking force. 
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5. The method of claim 4 further comprising providing a pedal feel emulator 
operatively attached to the master cylinder to compensate for changes in one or both of 
pedal force and pedal feel resulting from the degradation of front braking force. 

5 

6. The method of claim 5 further comprising providing pedal feel emulation 
in the pedal feel emulator with a rubber compression spring. 

7. The method of claim 1 wherein the master cylinder includes a movable 
10 piston thereof for generating a hydraulic pressure in the front brake circuit in response to 

the input, and the method further comprises, monitoring both the input and front braking 
force with a travel sensor and a hydraulic pressure sensor operatively attached to the 
master cylinder. 

1 5 8. The method of claim 7 wherein the brake apparatus is adapted for 

installation in a vehicle having at least one front wheel controllable by the front braking 
force, and at least one rear wheel controllable by the rear braking force, and the method 
further comprises, monitoring front braking force with a wheel speed sensor operatively 
attached for sensing the rotational speed of the at least one front wheel. 

20 

9. The method of claim 7 wherein the front brake circuit includes a first and 
a second hydraulic circuit, and the master cylinder includes a first movable piston 
operatively connected for supplying pressurized fluid to the first brake circuit in response 
to the input and a second movable piston operatively connected for supplying pressurized 
25 fluid to the second hydraulic circuit in response to the input, and the method further 
comprises, providing front braking pressure with the first hydraulic circuit and 
operatively connecting the pressure sensor to the only the second hydraulic circuit for 
monitoring pressure generated by the second piston of the master cylinder. 
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10. The method of claim 1 wherein the master cylinder includes a movable 
piston thereof for generating a hydraulic pressure in the front brake circuit in response to 
the input, and the method further comprises, monitoring both the input and front braking 
5 force with a travel sensor and a force sensor operatively attached to the master cylinder. 



1 1 . The method of claim 10 wherein the brake apparatus is adapted for 
installation in a vehicle having at least one front wheel controllable by the front braking 
force, and at least one rear wheel controllable by the rear braking force, and the method 
10 further comprises, monitoring front braking force with a wheel speed sensor operatively 
attached for sensing the rotational speed of the at least one front wheel. 



12. A hybrid brake apparatus comprising: 

a front hydraulically actuated brake circuit including a master cylinder for 
15 providing pressurized fluid to the front brake circuit in response to an input applied to the 
master cylinder to apply a frictional front braking force; 

a rear electrically actuated brake circuit controllable in response to the 
input applied to the master cylinder to provide a frictional rear braking force; and 

a controller for controlling the rear brake circuit in accordance with a first 
20 predetermined relationship between the input and rear braking force during normal 
operation of the front brake circuit, detecting a degradation of front braking force, and 
controlling the rear brake circuit in accordance with a second predetermined relationship 
between the input and the rear braking force, to thereby compensate for the degradation 
of front braking force. 

25 

13. The hybrid brake apparatus of claim 12, further comprising a second 
controller for selectively controlling the rear brake circuit. 
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14. The hybrid brake apparatus of claim 13 wherein the second controller 
selectively controls the rear brake circuit independently from the input, the front brake 
circuit, and the controller of claim 1 1 . 

5 

15. The hybrid brake apparatus of claim 12, wherein the second 
predetermined relationship increases braking force applied by the rear brake circuit in 
response to the input. 

10 16. The brake apparatus of claim 12 wherein the hybrid brake apparatus 

further includes a brake pedal operatively attached the master cylinder for providing the 
input through application of a pedal force and pedal travel to the brake pedal, and the 
second predetermined relationship between the input and rear braking force includes 
compensation for changes in pedal force and pedal travel resulting from the degradation 

1 5 of front braking force. 

17. The hybrid brake apparatus of claim 16 further comprising a pedal feel 
emulator operatively attached to the master cylinder to compensate for changes in either 
or both of pedal force and pedal feel, resulting from the degradation of front braking 

20 force. 

18. The hybrid brake apparatus of claim 17 wherein the pedal feel emulator 
includes a rubber compression spring. 

25 19. The hybrid brake apparatus of claim 18 wherein the pedal feel emulator is 

disposed within the master cylinder. 
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20. The hybrid brake apparatus of claim 12 wherein the master cylinder 
includes a movable piston thereof for generating a hydraulic pressure in the front brake 
circuit in response to the input, and the brake apparatus further comprises, a travel sensor 

5 and a hydraulic pressure sensor operatively attached to the master cylinder for monitoring 
both the input and front braking force. 

2 1 . The hybrid brake apparatus of claim 20 wherein the brake apparatus is 
adapted for installation in a vehicle having at least one front wheel controllable by the 

10 front braking force, and at least one rear wheel controllable by the rear braking force, and 
the brake apparatus further comprises a wheel speed sensor operatively attached for 
monitoring front braking force by sensing the rotational speed of the at least one front 
wheel. 

15 22. The hybrid brake apparatus of claim 20 wherein the front brake circuit 

includes a first and a second hydraulic circuit, and the master cylinder includes a first and 
a second movable piston, the first piston operatively connected for providing front 
braking force by supplying pressurized fluid to the first hydraulic circuit in response to 
the input, the second movable piston operatively connected for supplying pressurized 

20 fluid to the second hydraulic circuit in response to the input, and the pressure sensor is 
operatively connected to only the second hydraulic circuit for monitoring pressure 
generated by the second piston of the master cylinder. 
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23. The hybrid brake apparatus of claim 20 wherein the front brake circuit 
includes a first and a second hydraulic circuit, and the master cylinder includes a first and 
a second movable piston, the first piston operatively connected for providing front 

5 braking by supplying pressurized fluid to the first hydraulic circuit in response to the 
input, the second movable piston operatively connected for providing front braking force 
by supplying pressurized fluid to the second hydraulic circuit in response to the input, 
and the pressure sensor is operatively connected to only the first hydraulic circuit for 
monitoring pressure generated by the first piston of the master cylinder. 

10 

24. The hybrid brake apparatus of claim 14 wherein the master cylinder 
includes a movable piston thereof for generating a hydraulic pressure in the front brake 
circuit in response to the input, and the brake apparatus further comprises, a travel sensor 
and a force sensor operatively attached to the master cylinder, for monitoring both the 

1 5 input and front braking force. 

25. The hybrid brake apparatus of claim 24 wherein the brake apparatus is 
adapted for installation in a vehicle having at least one front wheel controllable by the 
front braking force, and at least one rear wheel controllable by the rear braking force, and 

20 the brake apparatus further comprises, a wheel speed sensor operatively attached for 
monitoring front braking force by sensing the rotational speed of the at least one front 
wheel. 
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26. A method for operating a hybrid brake apparatus having a front 
hydraulically actuated brake circuit including a master cylinder for providing pressurized 
fluid to the front brake circuit in response to an input applied to the master cylinder to 

5 apply a frictional front braking force, and a rear electrically actuated brake circuit 

controllable in response to the input applied to the master cylinder to provide a frictional 
rear braking force, the method comprising: 

detecting a degradation of front braking force; and 

increasing rear braking force to compensate for the degradation of front 

10 braking force. 

27. The method of claim 26, further comprising, continuing to control the rear 
brake circuit in response to the input to the master cylinder, following detection of 
degradation of front braking force, in a manner providing the increased rear braking 

15 force. 

28. A pedal feel emulator for a hydraulic brake apparatus, the pedal feel 
emulator comprising: 

a housing defining a cylinder bore; 
20 a piston movable within the cylinder bore; and 

a rubber compression spring operatively disposed in the cylinder bore 
between the piston and the housing for resisting movement of the piston within the 
cylinder bore. 

25 29. The pedal feel emulator of claim 28 wherein the housing is a master 

cylinder housing, the cylinder bore is a master cylinder bore, the piston is a master 
cylinder piston for supplying pressurized fluid to a hydraulic brake system. 
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